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Abstract 
 
The fragmentation of projectile and spectator is studied at 
the different  incident energies using isospin dependent 
QMD  model with reduced isospin dependent cross-
section.  Different systems have been used for the analysis 
of fragment production( IMF ). We have used enhanced 
constant isospin dependent cross-section to explain the 
experimental findings which is valid for soft equation of 
state. In addition to that we have tried to study the 
influence of density dependent symmetry energy on 
fragment production. 
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I. INTRODUCTION  
 
Nuclear Physics in general and heavy-ion collisions in 
particular is of central interest to carry out the investigation 
for the nature of equation of state. The study of 
multifragmentation gives us the insight into the reaction 
dynamics and the hot, dense nuclear matter formed during the 
reaction. 
 
In general, the fragments produced during the collision 
depends upon the incident energy as well as on the impact 
parameter of  the  reaction.  At low incident energies, reaction 
dynamics are dominated by the attractive nuclear mean field 
potential.  With the increase in the incident energy, repulsive 
nucleon-nucleon scattering becomes important. As the 
frequent NN collision will result in the formation of free 
nucleons(FN’s), light charged particle’s(LCP’s) and  heavy 
mass fragments(HMF’s). Here we study the formation of 
intermediate mass fragments (IMF’s) at the incident energy of 
600MeV/nucleon. The incident energy at which repulsive 
nucleon-nucleon scattering becomes dominant. As the 
composite mass dependence of the fragment production     
(IMF’s)   on the mean field can be sorted out by noticing the 
sensitivity of IMF production on system size and impact 
parameter.  All the previous investigations reveal that  the 
energy transfer  in the IQMD events is governed by the 
elementary nucleon-nucleon cross-section,  which was 
assumed to be same  in the nuclear environment as in the free 
space.  The exact nature of   NN cross-section, on the other 
hand is still an open question [1]. A large number of 
calculations exist in the literature suggesting different strength 
and forms of the NN cross-sections. There has been a 
considerable progress during recent years in experimental 
studies. Therefore, we have   reduced the in-medium cross-
section to fit the theoretical predictions with experimental data. 
 
In addition to that we have tried to study the fragment 
production by putting density constraint on symmetry energy. 
The symmetry energy tends to vary with the density as the 
reaction proceeds. The term symmetry energy E(ρ)  implies on 
an estimate of the energy cost to convert all the protons  in a 
nuclear matter to the neutrons at  a fixed density ρ [2].   
 
  E(ρ)  =  E(ρ,1) - E(ρ,0) 
 
    Till now our understanding for the nucleon-nucleon 
interaction has come from studying the nuclear matter                
density at normal density (ρ = 0.16 fm-3). As in the present 
scenario symmetry energy is taken as 32 MeV corresponding 
to normal nuclear matter density. It has   been observed that 
nuclear matter density is below the normal density when 
fragmentation   takes place.  So, it is an  interesting and  
important  goal of  heavy-ion  physics  to extract  information  
about  the  symmetry energy of the  nuclear   matter  at 
densities  higher and  lower than  normal nuclear  density.  
The equation below gives us the theoretical conjecture of how 
symmetry energy varies   against ρ. 
 
        
          E(ρ)  = E(ρo) . (ρ/ρo) 
γ 
 
 
γ tells us about the stiffness of the symmetry energy.  For the 
present study different  values of γ have been taken for 
different systems at different incident energies. A comparable 
study have been performed to analyse the stiffness of the 
symmetry energy.  
 
 
 
IQMD Model : 
 
 
The Isospin-dependent Quantum Molecular Dynamic 
model is the refinement of QMD model based on event by 
event method. The reaction dynamics are governed by mean 
field, two-body collision and Pauli blocking.  
 
   The baryons are represented by Gaussian-shaped density 
distributions 
 
 
  The successfully initialized nuclei are then boosted towards 
each other using Hamilton equations of motion. 
 
 
 
With is the total Hamiltonian. 
 
 
 
The total potential is the sum of the following specific 
elementary potentials. 
 
 
   During the propagation, two nucleons are supposed to suffer 
a binary collision if the distance between their centroid is 
 
 
Where   , type) 
 
The collision is blocked with a possibility 
 Pblock = 1 – (1 - Pi ) – ( 1- Pj ) 
here  and  are the already occupied phase space fractions 
by other nucleons.  
 
Results and Discussion : 
 
    We here simulate the reactions of  54Xe
131
 + 79Au
197 
 and   
57La
124
 + 50Sn
118
 at  the incident energies of  50 MeV/nucleon 
and  600 MeV/nucleon respectively.  
 
 
    At the incident energy of 50 MeV/nucleon, the nucleon 
mean field dominates the dynamics of the reaction. Indeed, at 
the incident energy of 600 MeV/nucleon repulsive nucleon-
nucleon scattering dominates the dynamics of the reaction. 
The phase space generated by the IQMD model has been 
analysed by using the minimum spanning tree (MST)[3]. The 
MST method binds two nucleons in a fragment, if their 
distance is less than 4 fm. The entire calculations are 
performed at t = 200 fm/c. This time is chosen by keeping in 
view the saturation of collective flow. 
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Fig. 1: Impact parameter dependence of the charged particle multiplicity at 
E/A = 50 MeV/nucleon for  54Xe
131+79Au
197 . 
 
 
. In view of  the findings from the Chen. et. al.[4], it is 
believed that the best estimate of the density dependence of 
the symmetry energy that can be extracted  from the heavy-ion 
reaction studies is,   
E(ρ)  = E(ρo) . (ρ/ρo) 
γ     
 where γ = 0.6 - 1.05.  
 
   It can be interesting to carry out the investigation for the 
density dependence of symmetry energy for the different 
values of γ, i.e. the stiffness of symmetry energy. Therefore 
we have performed a comparable study by parameterizing the 
charge particle multiplicity against the scaled impact 
parameter for the various forms of the density dependence of 
the nuclear symmetry energy. In fig 1, we display the charge 
particle multiplicity Nc  as a function of  scaled impact 
parameter for the reaction 54Xe
131
 + 79Au
197
 at the incident 
energy of  50 MeV/nucleon for γ = 0.66, 0.9 and  0.7 
respectively The trends observed through our simulations are 
somehow in accordance with the data. Although, the charged 
particle multiplicity Nc seems to be less sensitive for the 
various parameterizations of symmetry energy i.e. for 
different values of  γ. 
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Fig. 2 : Correlation between the mean IMF multiplicity MIMF 
And charged particle multiplicity Nc  at E = 50 MeV/nucleon 
for the system 54Xe
131
 + 79Au
197 
. 
 
  In fig. 2, we display correlation between the mean IMF 
multiplicity MIMF and charged particle multiplicity Nc at the 
incident energy of 50 MeV/nucleon for the similar system 
Xe
131
 +Au
197
. It is interesting to note that by constraining the 
density dependence of symmetry energy for γ = 0.7, is best 
among the other two parameterizations in order to agree with 
the experimental data. This form of the density dependence of 
the symmetry energy is consistent with the parameterization 
adopted by Heiselberg and Hjorth-Jensen in their study on 
neutron stars [5].    
  
         Although we have tried to study the influence of density 
dependent symmetry on fragmentation in addition to reduced 
cross section in fig 3. The correlation of mean IMF 
multiplicityp with Zbound is plotted for the system La
124
 + Sn
118
.  
For the present study γ is taken 0.69 [6]. We have shown 
IMF’s as a function of  Zbound . The quantity Zbound is defined 
as the sum of all atomic numbers (Zi) of all projectile 
fragment with Zi ≥ 2.  Zbound gives us a very good 
determination of the impact parameter.  Zbound is a measure of 
the violence of the collision and of the energy deposited in the 
excited spectator. 
  
    The trends observed through our simulations are somehow 
in accordance with the data. Indeed, the maximum of IMF 
multiplicity is reached at semi peripheral collisions. The peak 
of maximum production is shifted slightly w.r.t. data in case 
we consider symmetry energy as a function of the density. In 
case of central collisions at incident energy of 600 
MeV/nucleon, the violent collision reduces the fragment 
production. While in case of the peripheral collisions the IMF 
production again decreases due to the lesser overlapping of 
the target and projectile. In such a case heavy mass fragments 
are produced. The peak value for IMF production is more as 
compared to the data. Indeed, the maximum of the IMF 
multiplicity is reached for significantly smaller values of 
Zbound i.e. at more central collisions.  
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Fig. 3: Correlation between the mean IMF multiplicity Mi.m.f and Zbound for the 
systems  La124  +  Sn118 at constant symmetry energy and density 
dependent symmetry energy for γ = 0.69 respectively  
 
 
     In future, we will try to study the influence of density 
dependent symmetry energy on fragmentation for the various 
systems having different mass and different isotopic 
compositions. 
 
 
Conclusion:- 
                         In conclusion, we have investigated the 
effect of  reduced cross section on the fragment   production 
(IMF). The calculation with soft E.O.S. and reduced isospin 
dependent cross section result in the maximum IMF 
multiplicity at more central collisions. However, the peak 
value of the mean IMF multiplicity is underestimated about 
10%. Our simulation with density dependent symmetry energy 
concludes a minor shift in peak IMF multiplicity.  
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